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(57) Abstract 

An amorphous silj^pn antiftise (30) is formed between two electrodes. The bottom 'electrode (45) is a plug, of tungsten in 
on* embodiment, farmed in. a via in a dielectric layer (40). The top surface of the plug is coplanar with the top surface of the die- 
lectric layer. Thus the amorphous silicon layer above the plug is planar,.as is the; top. electrode layer above the amorphous silicon. 
Deposition of th'o amorphous silicon (46) and of the top .electrode is facilitated thereby .".The electrical characteristics of the anti- 
ftise are tightly controlled. The amifuse has a simple structure, a small size, small capacitance in the unprogrammed condition, 
and sniall leakage current The amifuse can be made with relatively few process steps. The process sequence provides a planar 
top surface for the-ambrphous silicon deposition and the top. electrode (70, 72) formation. 
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AMORPHOUS SILICON ANTIFUSES AND METHODS 
FOR . FABRICATION THEREOF. . 



5 BfrCKGROMft QF THE 

Ei&lgUS d ths Jnventiop 

Tfre present invention* rebates to programmable 
integrated circuit structures and methods, for- fabrication 
/feheseof-, and more particularly 'to amorphous silicon 
10 antifuseg and circuits and routing -structures 

incorporating an-tifuses, and methods for fabrication 
thereof . 

P.Pficg;Lptiqtri gf Relat;e&^Ar»t 

Prpg^ammsble semiconductor devices include 
2*5 prpg^&mmable read only memories ("PROMs") , programmable 

logic devices ("PIjDs".} , and progrcpamab^e gate arrays. 

. Programmable elsjnents* suitable" for one or more of these 

device "Eypss- include fuse^ and antifuses, 

'A fuse is a structure Which electrically couples a 
20 "first teirmlnal to. a second terminal, but which,, when 

programmed by passage of sufficient current between its 

terminal's, electronically decouples, the first terminal 

from th©< Second terminal. A fuse typically is of a 

conductive material which has .a geometry that causes 
25 -portions of the .conductive fuse ""material to physically 

separate from each other when heated to the' extent that an 

open circuit results. 

■ An antifus© is a structure which when unprogrammed 

does h_©t- electrically couple its "first" and second 
3 0 terminals, but which, wri^n pr^gr^mjned by applying 

sufficient .voltage between the first and second terminals, 
: geinnariantly e.leet'ricaliy -connects the flfst and second 

/terminal's. One type of ^ritlf use ebmprisss;^n- 'amorphous 

silicon which forms qo'nductive polys ilicon when heated. * 
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; In EROM devices , f or example; the advantages of the 
. aniif usre technology over f Use technology include 
•scalability and reduced programming current requirement. 
Various antifus.es are disclosed in United States Patent 
"-■ ? No. .3,^75,090, issued July .4, 1972 to Neale, and United 
.States Patent No. 3,792/3.19, issued February 12, 1974 to 

The use of amorphous silicon. in the fabrication of 
semiconductor threshold and switch devices is well known. 
10 As- more fully discussed in th : e aforementioned Neale 

patent/ various semiconductor, switch devices .soin^ise a 
"pore" f illed with amorphous silicon, which contacts .a 
lower electrode forming surface and ah upper, electrode 
farming surface. 
15*- Neale irecognized the two important objectives were to 

obtain switch , device? with a very low leakage current in 
V ,t£fe deprogrammed -condition and a fairly consistent 
programming voltage value. . An aspect of- the Neale 
invention was to fabricate the semiconductor switch device 
20 so .as* to present a very small cro.ss-seetional area of 
.^sfemisoridubtor material for current flow to minimize 
; le;akage current paths therethrough. 

Antifuses have been used successfully in programmable . 
interconnect substrates,, memories, and some types- of PLDs. 
.25 for .example, U.S. Patent .No. 4,438,297, issued JUly - 

3, 1984 to Stopper et al. 

- An jaxampJLe ~of antlfuse technology for a bipolar .EROM 
is ..illustrated in Figures 1 and 2 , which are taken from 
... "B^ian COpk* and Steve Keller, ''Amorphous Silicon Antlfuse 
.30 Technology t or [Bipolar PRQKs," 1986 "Bipolar Circuits and 
Technology Meeting, 1986, pp.. 99-100. 

'in/the via antifu.se of Figure 1, fisst metal 
comprising aXuminiim conductor 14 and barrier metal 10 and - 
* 11 /is provided on an p>iide layer 13 overlaying sufestrate,. 
35 .12.. . A/fchick oxide layer .18 is provided over conductor 14 
as insulation from secoftd. metkl. A Via etched into. oxide 
.layetr. 18 is. lined., with a .thin film ;of amorphous pii'lcon 
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15, which-- fully , overlays and 'contacts the barrier ihetal "11 
under .the via. Second metal comprising barrier metal 16 
and aluminum conductor 17 .is provided' over the via, in 
contact -with the amorphous silicon 15". 
5 * The contact : ant if use .of Figure 2 is fprmed over a 
"transistor comprising "collector 20, base .21, and emitter 
.22. Emitter contact .is made to a platinum silieide ..region' 
23 through a conta.ct hole in oxide 24, .which is lined- with 
amorphous, silicon film 25. Barrier metal 2 6 and aluminum 
10 condu©&or 27 overlay the amorphous silicon 25, and are 
protected, by oxide 28. 

In the /examples of Figures 1 and. 2, the deposition .of 
.the ^mosphous silicon, was a critical step in the process, 
as tfie thickness -of the- film -15 (Figure 1) and film 2-5 
(,Figip*s 2) was thought to control the programming voltage. 
The ^fe-prbgrajnmed. leakage current was reduced .to about 6 : ■* 
miero;ampj£r6s at 2 volts by a high .temperature anneal. a,t 
450 decrees C.' Qther factors thought to influence leakage 
.cusre.ent in the .undoped amorphous silicon antifuse were > 
20 feature size (leakage current proportional) and film 
Ithiekness (leakage- current "inversely proportional) . 

Unfortunately, antifuse technology developed for- use • 
in memories is generally top leaky for use in PLps, as 
noted by Cook efe.*al. In a\P£0M, on% bit is selected per 
25 jDutpjut -at a time; therefore,' if the programmable elements 
are leaky, only one leaky bit loads the sense amplifier. 
Usually the gense amplifier ,can torerate . this .loading 
' without drastisally affecting Its' functionality or ; 
per-Cp^giance. Contrast .pne .tybe of "PLD known as a* 
30 pi^g^ttim'able a^ray logic, which is implemented using PROM 
technology. The programmable elements are used to 
conSiguBa l$gic (touting is dedicated and global) . " In 
preg^aittmable array, logic, "multiple bits can .be accessed 
'and may .'overload tire, sense line if the 'programmable 
3-5* elements 1 are leaky. Overloading .the sense line may 
.drastically degrade .the performance and in the extreme 
<£ase, f may result in functional failure. 
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Certain techniques have been employed in FLDs using 
;antiftisie technology to .overcome the problems created by 
- antifuse 1 leakage. One technique uses- active semiconductor 
devils puch as . diodes or transistor to block the leakage 
& ct^rrent, ah approach which can also be used -in memories 
having leaky antifuses. While this approach is 
satisfactory in memories jmd in the logic configuration 
circuits of BEDs, the technique is not satisfactory for 
.lip** Iff the routing circuits of such integrated circuits .as 
j.0 the^ field gzrogsammable gate a^ray ("FPGA" ) . 

The FPGA,. which is distinguished from conventional 
gja£e arrays by being user " programmable, otherwise 
'resembles? .a- .'conventional gat© array 'in having an interior 
matrix, .of logic blocks and a surrounding ^ing of I/O 
.1^ interface blocks.^ Logic functions, I/O functions, and 

- routing of interconnect rietwpsks are all usrer 

' egnMgurable, which affords high density and enormous 

flexibility suitable for mb'st logic designs. User logip, 
f or example/ conventionally 'is implemented by 
20 interconnecting two- input NAND gates into more complex 
functions'. • Extensive user configurability of the FPGA is 
achieved by incorporating a large number of psKjgrammable 
.'©leluents into the logic, and the I/O blocks and the 
• int£r£pnh£ct network. Naturally, the leakage requirement 
.25 .of tSs -'programmable elements is stringent, due to the 
large number of possible connections generally involved 
;ahd the "numerous failure modes that leakage can causa. 
-For instance, l$aky programmable elements in the routing 

- arejis contribute :to high supply .current problems, cross 
30 .talk problems,- and ^rformsLnce degradation. 

.it is desirable to provide an easily manufacturable 
amprphpus * silicon antifusse which has' a. simple stricture, a 
;siaall size, small capacitance in .the unprpgrammed 
Condition, . sifcall leakage current, and highly reproducible 
"3S r >physieaI and electrical '.character isties, and which "is 
>ui£able for use in FPSAs. 
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-S.ITOIA^Y. PF THE IflVEN?IQN 

' Some embodiments of the amorphous silicon antifuses 
of the present invention have a simple structure, a small 
size, small capacitance in the unprogrammed condition, - 
5 small leakage current , and highly reproducible .and 
controllable physical and electrical characteristics. 
Their manufacture" requires very few process steps, and "the 
. procejss sequence provides a planar top surface for almost 
all the- steps. • In particular, the amorphous silicon is 
10 planar in some embodiments : so that a high' quality, uniform 
. thickness deposition thereof is facilitated. The 
electrode overlaying the amorphous silicon .is also planar 
in .some embodiment's, and the- electrode fabrication- is 
thereby facilitated. 
13 "These and other .advantages are -achieved in. ;feoifte < 

embodiments of the ant-ifuse structure . according to the 
present Invention. The structure generally includes a 
dielectric layer having an opening therethrough'; a . 
conductive plug filling the opening, a top surface of the * 
20 plug feeing substantially .edplanar with a top surface ;bf 
the dielectric layer; an amorphous silicon layer 
overlaying and contacting the plug; and a conductor 
overlaying and contacting the amorphous silicon layer. 
Further, a method is provided for fabricating an 
25 antifus.e structure. The method generally includes, the* 
steps of fabricating an insulating layer; fabricating, an 
opening through the insulating layer "at a selected 
location; fabricating a plug of- .conductive material jLn. the 
opening so that a top Surface "of the plug is substantially 
.30 "eoplanar .with a top surface of the. insulating layer; ; .-. 
fabricating a layer of amorphous siliaon overlaying^ and 
contacting the plug"; and fabricating a -conductor • 
overlaying and eontacting the amorphous .silicon layer. 
. . The "Invention further- provides a gr'og^airunable 
3^ ^inB^rcorineet structure, a field programmable g.ate array, 
. and a methpd f of fabrieatinq a field programmable ga.te 
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These- .and .other- embodiments of the invention are 
described below.. ' 

. BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings, where like referenced numerals 
3: indicate like parts , 

. .Figures 1- and 2 are crass-section illustrations of . 

- pF±or Ast amor ehous silicon antifuse^. structures ; 

Figures .3-5 are cross-section illustrations of 
intermediary structures of the processes of .manuf acturing 
i6 an- aiapr^aous silicon ant if use .according to the present 

- invention; - 

Figure 6 ;is "a gross-section illustration of ah 
Amorphous silicon antifUse of the present Invention; and 

Figure- 7 is a .cross-section illustration of a portion 
IS- of a programmable CMOS integrated circuit having an 

amorphous silicon ant'if use in accordance with the present 
invention. 

. DES£BIPTIQN OF THE ' PREFERRED EMBODIMENTS . 

Figures >-6 illustrate the ba^ic stefcs -of fabricating 
2.0 an ant if use structure, that can be used, among other 
things-, with .programmable - semiconductor . devices . The 
final structure, an amorphous silicon antifuse 30, is 
illustrated, in^ Figure 6. As shown in Figure 3, a first, 
.dielectric .layer 34,. typically of silicon dioxide, is 
2-5 iosm^d ;on a silicon, substrate (not shown) , and patterned 
to expose "portions of. the /substrate Alternatively, the 
aielestpis layer 34' may be formed over other film layers 
fliot shown) or feature's such as conductors (not shown) 
Bather than directly 6n . the substrata. A first conductive 
30 layer s is, .jf oxmed on dielectric, layer 34 and patterned to 
£orin appropriate, intercphnects. In one embodiment, ' the . 
- Sirst conductive layer 38 is a flayer of aluminum. In 
: axipi^&r embodiment, the first .conductive layer 3 8 is TiW. 
in . still another :^mbodi^ie,nt, the. f irst conduetive layer 38 
35 eoznfeisfcs' various conductive layers (not shown) , including 
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a thin layer of titanium covered .by a thicker layer of 
aluminum. Other conductive . layers are suitable as. well. 

A second dielectric layer 40 is formed on the- first 
Conductive layer 38-. The. second dielectrie layer 4.0 is 
S p^afcteffned to. fosm vias, such as via 44, exposing the first 
conductive layer 38, Some of these vias, In particular 
via 44, will serve as .sites fo& antifuses. Other 'vias, 
nW shpwh, may allow fbr direct- connection between first 
conductive layer 3 8 and a to^lpe- formed second- conductive 
10 l,ayer . 

As shown in Figure 4, a plug 4 5 of . conductive; ' 
material is formed in via .44 so as to fill the via. "Plug 
45 provides the bottom electrode of the antifuse. * The top- : 
surface ok the plug 4-5 is substantially eoplanar -with the 
1*5 top surface of . the second dielectric layer 40, 
- eoftsequently, a to-berf oirmed amorphous- silicon layer 4£ 
• (Figure 6) will be planar. Formation of high quality, 
.uniform fa^er 46 is thereby facilitated'.. 

In one embodiment, the plug 4 5 is made of tungsten. 
20 Tungsten plugs have been used to provide, inter level 
contacts between different eonduetivs layers. Any 
suitable, tungsten "plug deposition technique may be used". 
For example,- in one technique, the plug 4 5 is formed. by 
selective -ehemical vapor deposition ("CVD") "of tungsten in 
- 3» me via 44. At the. bottom .of via 44/ the material of 

first conductive layer 38 reacts with gaseous, reactants so 
as to form tungsten in via 44. No tungsten is deposited, 
however, on top of the second dielectric layer 40 during 
tto selective CVD. Selective . CVD of tungsten .is described 
'30 "generally in R.V. Joshi .et al., "Low-Resistance Subfticron- 
*CVD W Inter revel Via Plugs on Al^Cu-Si," VMIC Conference/ 
June 12-13, 1;989, pp. 113-12.1, available from the 
Institute of Electrical and Electronic Engineers (-"IEEE") 
of P.iseataway,- New Jersey and hereby "incorporated herein 
35 by B&ge»ehee thereto. &ee also T. Ohba, "Selective and . 
Blanket Tungsten .Interconnection and its Suitability for- 
2-Kicron ULSI, "'.VMIC Conference., - June- 12-13 , 1990 
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pp.- 226-232, available from IEEE and hereby incorporated 
herein by- reference thereto; T. "Moriya et al., Planar. 
- Metallization Process^ Its Application to Tri-Level . 

Aluminum Interconnection 8.3 IEDM 550, hereby 
5- Incorporated herein by reference .thereto. 

- In another technique, the plug 45' is formed by a 
blanket CVD of tungsten f ollowed ,by eteh<-back. shown 
in Figure 5y the blanket CVD of turtgs£en provides tungsten 
layer 45' with a pjanar top, surface. The 'layer. 45 is. 
10 etched until tungsten i© /etched off the top of the second 

dielectrie layer' 4*0* ; In a variation,, a -thin adhesion 
• • layer of TiW (hot ..shown) is sputtered on the surface of 
m& via 44 before* the blanket CVD r of the tungsten layer 45 
;ef Figpre 3. In another variation, a sacrificial "layer of 
13 siii^on nitride (not shp*m) is deposited on top. of. the 
second . dielectric layer 40 .before the via 44 is formed. 
The silicon nitride protect^ the surface of the second . 
dielectric layes 40 and reduces .the loading .effects during 
. the etch of the tungsten layer '45 of Figure 5. After the 
20 etsh> the remaining silicon nitride is Removed. Tungsten 
- plug- formation by. blanket CVtx and etch-back lis generally 
desesdbed in .jVm.P..©^ van "Laarhpven et al. , "A Novel 
^Blanket Tungsten Etchback "Scheme, " VMIC .Conference, 
Jlune 12-13, 1985, pp. 129-135 h available from IEEE and 
2S hesiaby incorporated, herein by ref erence thereto. 

. In another- variation, the plug 45 is f ormed by 
selective CVD of -tungsten into the lower "portion of the 
via 44 and then by the blanket CVD of tungsten. and an* 
etch>J5ask.£q as to fill. up the via .44. Ss>e /generally T. 

30 Ohpa ..et al. , fUE£&- 

As j$hpwn in Figure 6, layer "46 of amorphous sillcbh 
is^. deposited and patterned over the ;via 44. Layer 46 is 
plahs^ f and deposition of high quality amorphous silicon 
having uniform thickness :and consistent, easily 

3# 3?e^3sodUGible physical and electr^iqal characteristics is 
teh©£e£y facilitated. As- is' explained in application 
S r e#i;al.No. 07/447,96'9,' filed .December 8, 1989, whose 
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disclosure .is hereby incorporated herein by reference 
thereto,* the thickness of amorphous silicon layer 4 6 in 
contact with the plug 45 is an important factor in 
controlling the programming voltjage and ' leakage ".current of 
3* the antifuse. In. this embodiment, the thickness .of 

amorphous silicon layer- 46 is. about -1,600 angstroms, pf 
- course , other thicknesses ' are. suitable depending "on the 
programming voltage desired. 

As. described in the above-.mentio'ned application 
10 .Serial No. 07/447,969, another factor Controlling* leakage •* 
current- is the manner of deposition of the amorphous • 
siliebn layer 46. In one embodiment/ the amorphous, 
silicon layer 46 is deposited using plasma enhanced . 
.chemical vapor- degositipn ("PECVD"). A suitable reactor 
13 .is the .Soneept One reactor available from the- NoVellus 
..Systems, In©., San Jose,- California. Suitable reactants 
■ and prdsess ^a^aineters are deseBised generally in'- the 
abpv^mentloned application Serial No. 07/447,9.69.. 

As shown in. Figure 6, the second electrode of the 
20 antifus.e 30 is formed .by sputter depositing an abput 2, 000 
angstrom layer 70 of titanium tungsten CtfiW) and' an about 
8000 angstrom layer 72 of aluminum-copper (AlCu) . TiW 
• layer 70 and Al€u layer 72 are patterned to form the 
: second electro.de.. The mask used -for- patterning the second 
25"elestr.ode layers 70 and 72-. is smaller than the mask used, 
to pattern the amorphous silicon 46 so that, in the worst 
misalignment • case, the entire second electrode is above • 
amorphous silicon 46. Portions of the amorphous , silicon 
4£ that are ^exposed by the sjecon'd electrode mask are 
3 0 efsh^d away when layers 70 and 7 2 are .etched during , the 
. second electrode formation. 

■ Lasers 7'0 and 7.2 are planar above the amorphous 
silicon "layer 46-. The plariarity facilitates Reposition .of 
layers 70 and 72. TiW layer .70 is a barrier layer that 
35- -serves to prevent- the aluminum of AlCu ..layer ' 12 firom 
.spiteihg into the amorphous _sil icon 46. Aluminum 'spikes ; 
would increase the leakage .current, or might even .cause a 
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short across the antifuse 30. 

A3- is jseen from the above disclosure, the antifuse 3 0 
jsan be. fabricated using fairly few. "process steps. 
Further, the process sequence provides a" planar top 
5" .Surface for th© " amorphous silicon, deposition and the top 
eleetiWDde formation. Since the amorphous silicon layer .46 
" and the -second electrode layers 70 and 72 .are planar, a - 
high, quality uniform deposition "of- layers 46, 70 and 72 "is 
Saeilrfeated. Further, if plug 45 is made of -tungsten, no 
10. barrier layer between the amorphous silicon 46- and the 
first conductive layer .38 is needed even if "aluminum is 
.usediri the first ;cqhductive layer 3.8. 

The use of . plug £5 as. the bottom electrode allows to 
Reduce the .overall area of the .antifuse 3 0 besause a high 
Otd quality plug- with a good- cost act to first conductive layer 
38 can be- -f ormed even when via 44. is narrow relative to 
the t&isHness of the second dielectric layer 40. Because 
of- the small area qf antifuse '30, leakage current and the 
capacitance . of the uilprogrammed antifuse -are reduced. 
20 Further, in f ield; programmable data arrays with thousands 
millions of ant if usee, even a small size .reduction of 
e.a'ch antifuse may provide a.. significant overall size 
.reduction of the. F?SA, The \ second dielectric layer 40 can 
be made quite thick so as to ^reduce the capacitance 
between the first conductive routing channels formed from 
the £ir3t conductive layer 38 and the second "conductive 
BOuting channels fpnned from piW layer 7Q and AlCu layer 
72. 

A sross-s^ctional View of a pprtioh of a .CMOS 
'30 programmable gate array structure haying an antifuse in 
accordance with the embodiment ;pf Figure 6 is illustrated 
in Figure 7 . Suitable CIJOS .prpdesses are well known and . 
commercially available, a'nd, the particular CMOS structure 
sfiojtfn is exemplary. The;antifuse!_30 of Figure 6 .can be 
SET used M integrated .circuit structures of any type formed 
by any process,, whether memory, logic, . digital. or analog, 
. and including mos,. PMOS, Bipolar,. BICMQS, Gallium 
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Arsenide; *:and others." 

.'Substrate 100- is provided with a P-doped substrate 
region 1.0.4. An.NMOS device 162 that forms part of logic 
..or I/O circuits of the gate array comprises source and 
5. d^ain regions 112 and 114 and gate lie. Patterned oxide 
layers. 118, 11>9 and 120 (sfi'own In cross hatch) also are 
Rsesent. As is well Mnown in the art, pxide layer 11.8 is 
. a field omde, .boro-phpsphosilicate glass layer 119 is a 
cpntastr oxide, and oxide layer 120 comprises various oxide 
10 layers (hot shown) formed in the, fabrication of gate lie. 
The oxide layers 118, 119 and 12.0 are suitably patterned 
and etched to form contact holes down to the various 
source and drain regions including regions 112 and. 114. 
Using standard techniques, a film of aluminum 
15" measuring about 6 , .000 angstroms is sputtered .over the 
.patterned oxide layers and into the contact holes to 
regions 112 and 114. Other metals may be used as well. • 
Alumirfum film 38 corresponds td the fi^st conductive layer 
"38\6f Figures 3-6. First metal lines are .formed by 
20 patterning- and etching, aluminum film 38 using a BC13 , C12, 
GHC13 standard aluminum dry etch. - 

The intermetal dieleetrie is a thick .oxide layer 4 0 
of about 9, 000 .angstroms thickness, deposited using any . 
suit-able standard technique suoh as, £or example, plasma 
.25 enhanced ehemisal vapor deposition. Layer 40 corresponds 
to- the second dielectric layer 4 0 of Figures 3-6. In one 
of many 'suitable techniques, "the layer 4 0 comprises two 
oxide layers- (not shown). The first oxide layer is 
. qeposited to the selected thickness and planarized. The 
30' planarizati'on step involyes spinning a resist layer .over 
the deposited oxide and ref lowing the resist with a 
postbake, after which this surface is glana^ized in an RI-S 
etch-back- adjusted- for equal resist and oxide etch rat&s. 
A .^ecbnd oxid? layer th£n is deposited to ensues 
35*. dielectric integrity and the 9,0.00 Angstrom tHiekriess over 
the irregular- topography. ' 

Antifuse Arias 44a and 44b are now forSn^d through the 
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oxide 40 : down to the aluminum film '38. .An antifuse via 
mask- having £he same dimension as the metal opening "^nask 
is- used to pattern the oxide, and vias are etched to. the 
Al film 38 using standard HIE techniques - 
3- Conductive plugs 45a, : 45b are -f prme_d In -the 

respective vias £4a, 44b, Plugs 45a, 4 5i> provide bottom 
electrode© for the respective antlfuses 30a, 30b. .The top 
surface of plugs 45 is substantially cop.lanar with. the top 
surface of r the oxide layer .40. 
10 Planar amorphous silicon layer 46' of .aboiat 1,600 

angstrom thickness is deposited ~and patterned over the 
antifuse vias 44. In some embodiments, amorphous silipon 
laves "46 is- deposited by PECVD as described above in 
eenneetion with Figure 6. 
"19*'.* An- about 2000 angstrom layer 70 of TiW'and- an' about 
&>000 angstrom- layer 72 of . aluminum-copper , are 'sputter 
^eirpsited and patterned by standard techniques to~ form the 
seeejid metal lines.. The portions of layers; 70 and 72 over 
. vias 44- fi)Effi the top elestrpdes of the respective 
20 anfe£§uses 30. 

Using -standard techniques-) a. 5/000 angstrpm. layer of 
silicon dioxide (not shown) is- deposited .ahd :pad openings 
are patterned. Then a 10,000 angstrom layer of silicon 
nitride (not shown) is deposited and pad openings are 
25' patterned. These oxide and nitride layers are used as 
protective layers. The structure is then alloyed at 4.0.0°C 
usitig standard techniques.. 

Aluminum layer 38 provides first level "routing 
channels connected .to selected pircuit elements of the 
"30 gate assay. T-iW layer 70 -and AlGu layer 72 provide second 
lev©;! routing channels that are connected to selected 
sireuit "elements of the gate array. No ^additional metal 
lexers are needed, to form electrodes. -of .ant if uses 3 0 since 
t&B- seeond- level channels provide the torx electrodes £nd 
35 £lug& 45 provide the; bottom electrodes. Tbe overall 

s£&ucfcU3?e of the gate array is .thereby simplif ied, and the. 
number of process steps t is .reduced. 
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The second level routing channels ex-tend generally 
orthogonally to the first level routing channels in a 
conventional layout .shown, for example*, in U.S. Patent 
- Nb. : 4*914,055-, issued April 3, 1990 to Gordon et al., the 
^ disclosure of. which patent is hereby incorporated^ herein 
by reference thereto. The thick- oxide 40. serves to reduce 
the capacitance between the first level pouting channels 
arid the .second level routing channels . . In Spite of the 
large thickness of o>side flayer 40, vias 44- ein be made 
"10 narrow because good quality plugs 4'5. -providing a good 

contact to aluminum layer 38 can be formed even in narrow 
"vias. - Significant size reduction of the gate array is 
thereby made possible. Leakage ©urgent and the 
- . capasi^anse of the unprogrammed antif use ar& also reduced 
15 "thereby. 

Whil^e the invention -has been described with r.espeste 
,tp. the embodiments included above, other embodiments and 
variations not described herein may be considered to "be • 
• within , the scope of the invention. For example, the 

20 inventidn should not pe limited by the composition .of the 
metal system used for the- interconnects, or to any 
sp^sific thickness of the various films and oxides used in 
the stEueture-. These -other embodiments and variations are 
to be .considered within the scope of the Invention, as 

%3 defined by the following claims. " 
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CLAIMS 

What is claimed is-: 

lr. An antif use-- structure comprising: 

a dielectric layer haying an opening 
5 therethrough) 

a conductive plug filling said /opening, . a tbp 
surface of. said plug being substantially cbplanar 
with a top surface of Said dielectric layer; . 

a- substantially planar layer of programmable 
10 material whieh is nbn- conductive when said ant if use 

structure is unprogramroed and which provides a 
" conductive path therethrough when said antif use 
structure is programmed , ."said : layer of programmable, 
material -overlaying and contacting said plug; and 

a cohduetoir overpaying and . contacting- said 
programmable material layer. 

2> An antif use structure as in Claim. 1 further 
.©omp^ising a layer of conductive material "underlaying .and 
eontas&ing aaid dielectric layes? and , said plug. 

20 3« An antif use st^uctuire as in Claim. 2 wherein said 

eondu<stive layer connects said plug to a Semiconductor 
device, 

4-. An antlfuse structure as in. Claim 1 wherein said 
programmable material layer extends at least over the 
23 entire- top surf ace of said plug. 

.5*. An antif use .structure- as in Claim 1 yherein .said 
programmable material layer, has. a substantially blaiyar 
portion extending at least over the e.ntire tbp surf ace of 
said plug. 



.30 G* "An antlfuse surue^ure as in 6j.alm 1 wherein, said 

eoridu^fepr has a portion diraptly above jsaid pijig. 
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7. An a>ntlf_use- structure as in Claifh 6 wherein said 
por^on is substantially planar and wherein said portion 
extends at lfeast over "the entire top surface of said pl.ug-. 

S. ' An antifuse "structure as in elaim 1 wherein „ said 
\5 ;plug. completely fills said opening, 

9. Ah an*tifuse structure as in .Claim 1 wherein said 
■ plug comprises tungsten. 

10. An antifuse structure as In Claim 2 &. wherein 
'£aid amorphous silicon is about 1,600 angstroms thick. 

.10.. 11-. An antifuse .structure as* in Claim 1 wherein said 

dielectric: layer is about 9 , 000 angstroms thiek. 

. ; 12-. An antifuse structure* as in Claim 28. wherein 
.said conductor comprises: 

a layer 6f TiW; and 
,15 a layer of aluminum "separated from said 

programmable material layer by said layer of TiW. 

. .13. A method for -fabricating, an ahtifuae structure, 
comprising the:s_teps of: 

fabricating an insulating" layer; 
20 • fabricating an opening through said insulating 

: layer at .a selected location; 

fabricating a. plug- of conductive material in 
said opening so that a top -surf ac«- of , said plug is 
substantially cop r lanar with a top surface of said 
2S : insulating layer-; 

fabricating a layer of amorphous silicon* 
overlaying and contacting said plug^; arid 

fabricating "a conductor overlaying and 
contacting ^aid ataorphous silicon layer. ' ' 



30 



.14. A ffiethed as in elaim 13 wherein said conductive * 
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.material comprises tungsten. 

15. A method as in Claim 13 wherein said step of 
fabricating a slug. comprises the steps of; 

depositing a first layer of conductive material 
3 ovesr said insulating layer and into said opening, 

said first layer having a substantially planar top 
surface; "§nd ; , 

etching, at least a portion of said f irst layer 
so as to fabricate said plug. 

K) -16. A "method as in £lalm 13 wherein said., step of 

faSy.isatirig a plug comprises the step of selectively 
depositing conductive material into said opening. ■ 

17. A method as In Claim.ia r further comprising th"e 
sfcap of f abdicating "a conductive layer underlaying said 
,15: "ihsiilating layer and contacting said plug. 

0*8. A method as in Claim 17 whereih said st'e.p of 
f abpiga&ing a conductive layer precedes .said step of 
fabricating an insulating layer. 

19. A method as ;in Claim .13 . wherein said step, of 
20;. .fabricating' a layer of lamorprious silicon 'comprises ths 
Step of depositing amorphous silicon .Using £ECVE>.-. 

..20. A metixed as^ in Claim 13 wherein said step of 
fabricating a Gfohduceor . comprises- the. steps of : 
depositing a layer "Qf Tift; 'and 
2>& depositing a layer- of . aluminum so. . as to separate 

said amorphous silicon layer from said layer of 
aluminum by said layer of TiW. I 

20L. A metKod as in Claim' 20 wherein 

said step of depositing a layer of TiW comprises 
3.0 ime.: ; st-ap of depositing TiW using sputtering;- and 
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. said step of depositing a layer of aluminum 
comprises the step of depositing aluminum- using 
sputtering • 

• 22. A programmable Integrated circuit comprising-: 
'& a semiconductor structure having circuit" 

elements in a ..substrate-; 

"a first level of conductive routing channels, 
- :?aid first level channels being- connected to selected 
eircuit elements; 
JO an insulating layer, overlaying said first level 

routing channels, said .insulating layer having 
--■ t openings .formed therein at selected locations; 

a conductive' plug in each of said openings, each 
glug contacting said first- level routing channels, a 
J?5" -?°E, surface of said insulating layer" having, for each 

pJEvJg, . apportion adjacent, the respective plug, each 
Bortjron . being substantially coplanar with a top 
* ' surface of the respective plug; 

a lay6r "of programmable material overpaying and 
20 . contacting _said plugs, said programmable material 

being noil-cqn.dUet.iv.e when said integrated circuit is 
. • unprogrammed,; said programmable material providing - 

. ^one or more conductive paths .therethrough when said 
integrated circuit is programmed, said programmable 
2j5 material .layer having, for each plug, a -substantially. 

. . . planar portion which overlays the plug and also 

overlays '.the respective adjacent portion of the top 
. surface" of said- insulating layer; and 

a v s.ec.on$ level of conductive routing channels, 
30' ' said second level channels being connected t_o 

^elected ;.cireuit ^elements, £aid second level channels 
. overlaying and contacting said programmable material 
layer at- .said selected locations. 

23. - A programmable integrated .circuit as in Claim - 
3!T 22,;w£erei*n s,aidr Sperlings terminate, at : said first level 
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routing channels-. 

2.4. A programmable integrated circuit as "in Claim 
22 r Wherein said insulating layer is about 9000 angstroms 
tfci<sfc- 

5 25. A j^ogrammable integrated circuit, as in Claim 

22, wherein said second level channels- are substantially 
orthogonal to said first level channels-. 

26* A method for fabricating .a programmable 
integrated circuit,, comprising the steg.s of: 
10 forming eireuit elements %n a substrate; 

forming a fi^st' level of conductive routing 
channels, said first level channels being- connected 
to selected eir^uit elements; 

forming an insulating layer overlaying said 
. is- £i|?.sfe- level routing channels ; 

forming openings through said insulating layer 
selected locations and terminating- said openings 
uppn selected ones of said, first level routing - 
e&annels-; 

20 forming a conductive felug in each of. said, 

openings, a top surface of each plug being 
substantially coplanar with a portion, surrounding, 
the plug, of a top surface of said insulating layer, 
each plug contacting said first level routing 

25 - 1 channels; . u ~ 

, depositing a layer of amorphous silicon so that 
said amo&phous- silicon contacts and overlays said 
Rlugsf .and 

forming a sesond' level. of. .conductive routing 
.30 sfcarinel^, said second level channels being cdnn'ected 

t© selected ..circuit elements, said second .level 
chsihneis. contacting and overlaying said amorphous - 
silicon. 
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'27. A metftqd as .in "Claim 26 wherein said second 
level channels are substantially orthogonal to said first 
level channels. " 

_ 28 . .Ah antifuse structure as in Claim 1 wherein said 
-5' programmable material comprises amorphous- silicon. 

'29. An antifuse structure as in Claim 1 wherein said 
conductor ^comprises : 

a layer of conductive material; and 
£ barrier layer separating said conductive 
10 'material from ;said' programmable material for 

' preventing the conductive .material from sgiking into 
said programmable material. 

.30. A ' programmable integrated cireuit as in v Claim 22 
^wherein said programmable' material comprises amorphous 
1-5- silicon." 
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